|"ve been told that DASADA is a town in the home state of Mahatma
Gandhi. This seens a fitting nane for the program since today's
mlitary mssions that include both peacekeeping and war fighting.

Despite the euphonic name, the words in the programtitle actually do
descri be what we're trying to do:

Dynami ¢ Assenbly means that we can change system components,
connections, or topology at run-tinme.

Adaptability includes both "semantic interoperability" -- naking sure
we're using the sane nanes for the sanme things -- and predictability -
maki ng sure conponents work correctly when we put themtogether.

Dependabi lity and Assurance are things the commercial market pays |ess
attention to than what DoD needs for its systens.

To get the systens we need, we need gauges to nmeasure what the system
i s doing.

Note that the industrial revolution was enabl ed by i nprovenents in
measurenent -- we had punch presses and | athes beforehand, but it was
nmeasur enent that enabl ed interchangeable parts and assenbly lines. W
need simlar ways of neasuring software products for comnposability.

W need to be able to use these neasures to guide system evol ution by
updati ng our understanding of what the systemis doing in conparison
with what we think it should or should not be doing.

As systens get nore conpl ex, they beconme harder to understand. System
integration problens with the Navy's Cooperative Engagenent Capability
software are going to take several hundred million dollars to fix.

It should be obvious that if we can't measure what's going on in a
system W can't nodel it, W can't understand it; W can't Predict it;
We can't Control it; And W can't Autonmatically adapt it to neet new

si tuations.

From a techni cal point of view, typical reasons why conponents don't
wor k t oget her include:

* |nterfaces don't pass the right information, (and)

* Modul es make assunptions, but don't tell the rest of the system
(and)

* Timng constraints are not stated.

DASADA is critical to future DoD and comerci al systens. Systens (of
systens) are getting nore difficult to understand, build, operate, and
evol ve. W have fewer trained people who can understand, build,
operate, and evol ve them

Currently, industry has little incentive to fix these problens. Mjor
vendors support interoperability, as long as it's with their own
products. They build their market through product differentiation, not
i ntegration.



DASADA' s architecture-based approach to predictable, dynam c, conponent
conposition should provide solutions. It will help us gauge inportant
software properties, so we can get software conmponents to work together
predi ctably.

The architecture-based approach will help us reduce cycle tinme by
hel pi ng us:

* Dynanically assenbl e, reconfigure, and evol ve systens.

* Easily introduce new conponents to add functionality.

* Adaptively and dynamically scal e systens, and,

* Continuously upgrade conponents

W' ve got a very short video showi ng how an architecture representation
can ensure that design constraints are upheld - in this case,

guar anteeing that two processors process the sane nessage.

(Aegi s Vi deo)

Archi tectures nbdel conponent interaction to guide system
transformati ons. These transformati ons can include addi ng, deleting, or
repl aci ng either a conponent or connection

For exanpl e, suppose we need to add secure conmuni cations to a system
The system coul d accesses dependency nodels to determ ne what type of
nodi fications are needed and how to carry them out.

The architectural nodel could hel p:

* |dentify nodules that need to be changed to incorporate cryptography
sof t war e

* Dynamically nodel the interaction of cryptography conmponents with the
timng of the underlying applications to ensure performance and freedom
from deadl ock. And,

* Conpose the needed communications infrastructure.

The questions DASADA is trying to answer are "Wich transformations are
correct with respect to systemrequirenents and constraints?"

"Which transformati ons are "best” with respect to ensuring critica
properties?"

Archi tecture notations nodel configurations, components, connectors,
events, and constraints.

Configurati on gauges measure conponent interactions with respect to
properties such as quality of service and |iveness. Do conponents
conmmuni cate? And, How often?



Conponent gauges assess whet her conponents are conpatible with respect
to the functions they performand the data they consune and produce.

They assess whether all or part of the conmponent's functionality is
bei ng used, helping to identify dead code.

Connect or Gauges eval uate the dynani c behavi or of connections and
determine if a replacenent connector is conpatible with the existing
i nfrastructure

Event Gauges eval uate conponent interaction protocols and usage
patterns. Deadl ock situations occur because of conponent

nm sunder st andi ngs about who is supposed to initiate or term nate
operations - event gauges should detect this.

DASADA i s devel opi ng gauges to neasure inportant software properties to
ensure that software conponents work together. It's |ooking at howto
gauge interoperability throughout the evolution cycle, addressing
chal | enges involved in 3 stages:

Conti nual Desi gn gauges assess conponent and connector suitability
before assenbly, allow ng automated assenbly and on-the-fly
transformati ons that produce predictable, safe systens.

Conti nual Coordi nati on gauges assess conponent suitability during
assenbly, allowi ng reconfigurations to be conducted safely across
het er ogeneous, distributed dynanic systens. Continual coordination
enphasi zes the sequence in which changes are made - renenbering, for
exanpl e, to back up persistent data before deleting a node.

Continual Validation gauges assess suitability after assenbly,
providing continual, run-tinme validation of critical system properties.

The followi ng slides denonstrate a few of these gauges and the
infrastructure that's being devel oped to support their use.

These gauges verify that systemarchitecture neets design and conponent
resource requirenents.

In this exanple, we refine a system specification by selecting an
operating system (text segnent sw tch)

Li nux in this exanple.

This choice may place constraints on the behavior of the systemin
terns of power and cost.

This may, in turn, affect our freedom of choice with respect to
processors or routers.

The technical basis of these gauges are constraints specified in the
system architecture

It's inportant to neasure the actual run-time configuration and
i nteraction of conmponents in dynam c systens, since these can't always
be predicted in advance.



We need to neasure the tinme-varying connectivity of components so we
can see what conponents are actually being used and so we can i nprove
I i nkages where needed.

We al so need to neasure other aspects of conponent interaction -- when
conponents conmuni cate, which operations are invoked, how nuch data is
exchanged, how | ong responses take, and what exceptions occur and under
what ci rcunst ances.

As you can see at the lower right, this can help us find dead code.

The "Evol ution and Integration Command Center", will integrate and
anal yze gauge readings to ensure that conponents behave as expected
during dynam c system evolution, integration, and re-configuration

It is based on an XM.-based event description

It uses architectural nodels to automate the insertion of probes and

t he generation of gauges to guarantee specified properties. It enables
"go/ no-go" deci sions about re-configuration alternatives and nonitors
the "live" evolution of the system

Previ ous slides have provi ded exanples of the technical devel opnents
we' re expecting from DASADA. W' ve conpl eted sel ection for technol ogy
devel opnent efforts, which are now underway.

A pl anned second phase of the programinvol ves |arger experinments, to
be conducted in collaboration with DoD Systens offices.

It is anticipated that funding will be available in FY2001 and FY2002

for these organi zations, and their contractors, to begin planning for

experimental denonstrations in FYO2 and FY03. These planning funds are
intended to partially support efforts to:

* First, identify systens/subsystenms on which experiments will be
conduct ed.

* Second, eval uate technol ogi es and conbi nations of technol ogies to be
used in the experinents.

* Third, define evaluation criteria and neasures and avail abl e basel i ne
data. And,

* Fourth, plan experiments.
We plan to conduct two to three experinents, which will be funded at a

| evel sufficient to provide neaningful results to potential DoD
custonmers for transition planning.

We t hought we'd show you sone of the technol ogy devel oped in a
precursor program - the Evolutionary Design of Conplex Systens or EDCS

First is the use of architecture nodels to reduce integration
time/cost. This is illustrated by a dramatic reduction in the tine
required to set up tests at the Arnold Engi neering Devel opnent Center

(I TI'S Video)



Second is using sem -formal architecture description | anguages to
guarantee critical systemproperties - in this case sone tools that are
tailored for control systems design and anal ysis.

(Honeywel | Vi deo)

Third is an animation expl aining where we're going in testing and
assurance. W could show an actual video, but denpbnstrations that show
not hi ng goi ng wong, because you've fixed all the problens, tend to be
REALLY dull. This segnent portrays three testing scenarios:

* First, The recent past, using a single holey net at the end of
devel opnent .

* Second, Current advanced practice, using nultiple techniques
t hroughout the life cycle. And,

* Third, Current research approaches that conbine testing and anal ysis
with fault tolerance.

(Bugs Vi deo)

DASADA is using architectural notations and gauges:

* To -- Support run-tine dynam sm (nodification.)
* To -- Mddel dynam c systens.
* To -- Monitor constraint satisfaction, both during design refinenent

and during operation.

* To -- Integrate multiple views of evol ving designs with system
managenment functions. This will provide adaptive nanagenent and self-
correction.

* And, finally, to denonstrate architecture- and nodel - based tool s that
assure conponent interoperability in dynanmic systens.

We invite your involvenent in this program Please visit our web site.
We ook forward to talking with you.

Thank you for your attention!



